Identification of B. spielmanii Erp-encoding genes 80
A set of diverse erp and cp32-specific oligonucleotides, previously used to characterize the 81 arrangments of erp genes of B. burgdorferi strains (48), were selected for amplification of the 82 orthologous erp genes of B. spielmanii isolate PC-Eq17. Amplicons were purified using 83
Centricon-100 filters (11) and cloned into pCR2.1 (Invitrogen, Carlsbad, CA) and 84 subsequently sequenced. Orthologous genes of B. spielmanii strains TIsar2 and TIsar3 were 85 identified using oligonucleotide primers based upon the sequence of the strain PC-Eq17 gene, 86
BsCRASP-3 145(+) BamHI and BsCRASP-3 3nc(-) XhoI (Table 1) . One gene was identified 87
in PC-Eq17 (erp60, encoding BsCRASP-3 PC-Eq17 /Erp60), two genes in TIsar2 (erp61 and 88 erp62, encoding BsCRASP-3A TIsar2 /Erp61 and BsCRASP-3B TIsar2 /Erp62, respectively), and 89 one gene in TIsar3 (erp63, encoding BsCRASP-3 TIsar3 /Erp63). 90
91

Construction of expression plasmids and purification of recombinant borrelial proteins 92
The above-described erp genes of B. spielmanii isolates PC-Eq17, TIsar2, and TIsar3 were 93 subcloned by PCR using primers BsCRASP-3 145(+) BamHI and BsCRASP-3 3nc(-) XhoI in 94 to the pGEX 6P-1 expression vector resulting in plasmids pGEX N38 PC-Eq17 , pGEX N38 TIsar2.1 , 95 pGEX N38 TIsar2.2 , and pGEX N38 TIsar3 (Table 1 ). All of these recombinant proteins contained 96 amino-terminal GST tags, with the Erp segment beginning with that protein´s first amino acid 97 following the cysteine lipidation site. The GST-Erp fusion proteins were expressed in E. coli 98 JM109, and affinity purification over glutathione-sepharose columns was performed as 99 recommended by the manufacturer (GE Healthcare, Freiburg, Germany). 100
For analyses of plasminogen-binding, a polyhistidine-tagged recombinant form of Erp63 was 101 produced. The above-described clone was PCR amplified using oligonucleotide primers 102 TISAR32 and TISAR33 ( To introduce single or double amino acid substitutions into erp genes, a site-directed 109 mutagenesis approach was conducted as described previously (44). Briefly, PCR reactions 110 were carried out for 18 cycles (95 °C for 30 seconds, 55 °C for 30 seconds and 68 °C for 13 111 minutes) using 100 ng expression vector pGEX N38 PC-Eq17, 125 ng of each mutagenic 112 primer, and 2.5 U Pfu DNA polymerase (Stratagene) in a final volume of 50 µl. Before 113 transformation of E. coli, the reactions were treated with 10 U DpnI (New England Biolabs, 114
Frankfurt, Germany) for 1 h at 37 °C. All mutations introduced into the erp genes were 115 verified by DNA sequencing of both DNA strands. 116
117
SDS-PAGE, ligand affinity blot and Western blot analysis 118
Whole cell lysates obtained from respective borrelial isolates or purified recombinant proteins 119 (500 ng per lane) were subjected to 10 % Tris/Tricine-SDS-PAGE under reducing conditions 120 and transferred to nitrocellulose as previously described (27) . 121 122
Enzyme-linked immunosorbent assays 123
Binding of CFH, CFHR1, and CFHL1 to borrelial proteins were analyzed by ELISA as 124 described previously (44). Briefly, purified GST fusion proteins were immobilized and 125 unspecific binding sites were blocked with 0.2 % gelatin in PBS. CFH (Calbiochem, 126 Darmstadt, Germany), CFHR1 or CFHL1 (5µg/ml each) were added to the wells and left 127 overnight at 4 °C. Protein complexes were identified using a polyclonal anti-CFH antibody To extend upon those data, the binding capabilities of each recombinant Erp protein to CFH, 262 CFHR1, and CFHL1 were also assessed using ELISA (Fig. 5B) . We next addressed the lack of interactions between Erp63 and the complement regulators. 272
Sequence alignment revealed differences at four positions (E77, H79, Q115, and E131) 273 among the CFH/CFHR1-binding Erp62 and the non-binding Erp63 (Fig. 4 and data not  274 shown). The TIsar3 erp63 gene was independently PCR amplified and sequenced three times, 275 always with the same result, confirming that the reported sequence is accurate. Both Erp62 276 and Erp63 contain identical insertions near their amino termini, making it unlikely that those 277 additional amino acids negatively impacted upon CFH-and CFHR1-binding by Erp63. and CFHR1-binding using ligand affinity blotting (Fig. 6A) . Substitutions of amino acids 282 E77, Q115, and E131 with the corresponding amino acid of Erp63 did not affect Erp60 283 binding of either complement regulator. In addition, no differences in binding were observed 284 on October 2, 2017 by guest http://iai.asm.org/ Downloaded from among mutant proteins carrying two mutations (Erp60 E77G-Q115E and Erp60 Q115E-285 E131K). In contrast, binding to CFH was completely abrogated using mutants Erp60 H79R 286 and the double mutant Erp60 H79R-Q115E. Those data were confirmed by analysing CFH 287 binding to mutant proteins with ELISA (Fig. 6B) . Taken together, these result demonstrate 288 that the histidine at position 79 of Erp60 is crucial for CFH and CFHR1 binding. 289 290
Cofactor activity of CFH bound to Erp proteins of B. spielmanii 291
The complement regulatory activity of CFH bound to recombinant Erp proteins of B. 292 spielmanii was assayed by factor I-mediated conversion of C3b. Appearance of C3b-293 degradation products (α´-68, α´-46 and α´-43 kDa) indicated cofactor activity of CFH bound 294 to Erp60, Erp61, and Erp62 (Fig. 7A) . In contrast, cleavage products were not detected when 295 CFH, factor I and C3b were added to Erp63. Functional activity of CFH was also assessed 296 with the mutated Erp60 proteins (Fig. 7B ). CFH maintained cofactor activity when bound to 297 all mutants, with the exception of those proteins that contained the H79R mutation. Taken Erp fusion proteins of isolates PC-Eq17, TIsar2 and TIsar3 (500 ng/lane) were subjected to 648 10% Tris/Tricine SDS-PAGE and blotted to nitrocellulose membranes. GST-fusion proteins 649 were detected by using an anti-goat GST antibody. For detection of CFH and CFHR1 bound 650 to CRASP proteins, membranes were incubated with NHS as a source for CFH or with 651 purified CFHR1. Protein complexes were then visualized using mAb VIG8 or JHD8, 652 respectively. Binding of CFHL1 was detected using mAb B22 specific for the N-terminal 653 region of CFHL1. The CFH/CFHL1-binding CspA and CspZ protein, the CFH/CFHR1-654 binding ErpP protein, as well as purified GST served as controls. Binding was also assayed by 655 ELISA using recombinant Erp60, Erp61, Erp62, and Erp63, CspZ, and GST (B). Proteins 656 were immobilized onto a microtiter plate and incubated with either CFH, CFHR1 or CFHL1. 
